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Abstract 24 
Although tendon/ligament mineralisation is recognised in horses, its clinical features 25 
have not been reported in detail. Our aims were therefore to identify the structures most 26 
commonly affected by ultrasonographically detectable mineralisation and, for these, 27 
determine frequency of diagnosis and clinical features including association of 28 
mineralisation with lameness and outcome.  29 
Two case series (retrospective and prospective) were analysed and the frequency of 30 
mineralisation in lame animals estimated (observational descriptive design). 31 
Mineralisation was reported in 27 horses (22 retrospective) - most commonly in deep 32 
digital flexor tendons (10) and suspensory ligament branches (8), representing 10% and 33 
7% (estimated) respectively of horses with injuries to these structures. Two deep digital 34 
flexor tendon and 3 suspensory ligament branch cases showed bilateral mineralisation. 35 
Deep digital flexor tendon mineralisation was restricted to the digital flexor tendon 36 
sheath, most commonly in the proximal sheath (± sesamoidean canal), and 7/10 cases 37 
involved hindlimbs. Suspensory ligament branch mineralisation was visible in the same 38 
ultrasound window as the proximal sesamoid bones in 10/11 limbs and 6/8 cases 39 
involved forelimbs. Previous corticosteroid medication was a feature of only 1 deep 40 
digital flexor tendon and 1 suspensory ligament branch case. 41 
Mineralisation was associated with lameness in some but not all limbs. Foci within the 42 
deep digital flexor tendon preceded hypoechoic lesion formation in 2 limbs. Of cases 43 
with deep digital flexor tendon or suspensory ligament branch injury only, 1/3 and 2/3 44 
respectively became sound. Further investigation is necessary to understand the 45 
pathogenesis of mineralisation and so lead to specific treatments.  46 
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Introduction 47 
Mineralisation of tendons and ligaments has been reported in both equine and human 48 
patients. In horses, mineralisation is an occasional finding during ultrasound 49 
examination and has been described within the superficial and deep digital flexor 50 
tendons, the suspensory ligament, the peroneus tertius tendon, the plantar ligament, the 51 
nuchal/supraspinous ligament and the biceps brachii tendon, and the palmar/plantar 52 
annular ligament.1-4 It has been suggested that deep digital flexor tendon mineralisation 53 
is most prevalent in middle aged Warm Blood horses used for Dressage or Show 54 
Jumping and that previous intrathecal corticosteroid medication may be a risk factor.5 In 55 
addition, superficial digital flexor tendon mineralisation has been associated with 56 
intratendinous injection with methylprednisolone acetate.6 However, determining the 57 
clinical significance of tendon and ligament mineralisation is difficult at present, given a 58 
lack of data, in particular regarding the association of mineralisation with lameness and 59 
outcome.  60 
Half of human patients with mineralisation of the rotator cuff tendons are 61 
asymptomatic,7 but in symptomatic individuals, treatment aimed at resolving 62 
mineralisation can improve comfort.8,9 These observations suggest that mineralisation 63 
can be a primary cause of tendon pain. In addition, in human patients, associations 64 
between pain and both mineralisation morphology and the presence of Doppler signal 65 
have been reported.7  66 
The diagnosis of rotator cuff mineralisation using ultrasonography and radiology has 67 
been compared and 3 types of mineralisation described.10 The first type was a 68 
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hyperechoic focus with well-defined shadow, the second a hyperechoic focus with a 69 
faint shadow, and the third a hyperechoic focus with no shadow, although some false 70 
positive diagnoses were identified in the latter group. 71 
Equine tendinopathy has been reported to frequently have a bilateral presentation11 72 
while, in human patients, mineralisation of the rotator cuff tendons was only present 73 
bilaterally in 10% of affected patients.12 In contrast, a murine model of unilateral tendon 74 
injury resulted in accelerated mineralisation both at the site of injury and in the 75 
contralateral tendon.13 76 
Our first aim was to identify the structures most commonly affected by 77 
ultrasonographically detectable mineralisation in horses. Second, we aimed to 78 
determine for these commonly affected structures (the deep digital flexor tendon and 79 
suspensory ligament branch) the frequency of diagnosis and bilateral occurrence of 80 
mineralisation. Our third aim was to report the clinical features of these cases including 81 
association of mineralisation with corticosteroid medication, lameness, Doppler signal, 82 
other evidence of injury and outcome. The study employed an observational descriptive 83 
design.  84 
 85 
  86 
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Materials and Methods 87 
Cases of mineralisation, diagnosed by the senior author using ultrasonography, were 88 
identified from hospital records for patients examined between April 1999 and April 89 
2013 at the Royal Veterinary College. A ‘case’ was defined as a single animal affected 90 
by mineralisation within a single structure (for example, the deep digital flexor tendon on 91 
1 limb) or bilaterally within the same structure. The occurrence of mineralisation in more 92 
than 1 structure within the same animal was considered as a separate case for each 93 
affected structure. Ultrasonographic examinations performed in each pair of fore or hind 94 
limbs included weight bearing transverse and longitudinal grey scale scans with a 95 
standoff. Later examinations also included transverse off incidence (Figure 1)14 scans 96 
and examination for colour Doppler signal (non-weight bearing, without standoff). Most 97 
animals were sedated (alpha 2 agonist ± butorphanol) to enable examination. 98 
Diagnostic criteria were the presence of hyperechoic foci casting acoustic shadows 99 
within or on the surface of a tendon or ligament visible in either or both transverse and 100 
longitudinal planes. Surface hyperechoic foci casting a shadow were included because 101 
of the difficulties in establishing the deep surface of the mineralisation and their intimate 102 
association implied involvement with the structure.  103 
Cases of enthesiopathy (categorised as echogenic shadows continuous with bone), 104 
avulsion fractures (categorised as echogenic shadows within tendon/ligament adjacent 105 
to bone with corresponding defects within the bone), mineralisation adjacent but outwith 106 
the tendon or ligament were excluded. Cases of foreign body penetration were excluded 107 
based on the absence of three features: visible or reported wounding; reverberation 108 
artefacts; and defined foreign body shape. 109 
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A second phase of the study included cases of tendon/ligament mineralisation 110 
diagnosed at the Royal Veterinary College September 2014 – November 2015 111 
(prospective cases) using the same inclusion criteria. The ultrasonographic examination 112 
of cases in this phase was the same as for the later cases of the retrospective study. In 113 
both phases, animals underwent single or multiple examinations dependent upon 114 
clinical progress. 115 
Clinical features of the 2 most common categories (deep digital flexor tendon and 116 
suspensory ligament branch) were evaluated. For the retrospective phase, ultrasound 117 
images, where available, were reviewed to verify the written reports. For both phases, 118 
the dimensions of the mineralisation were measured from representative images (both 119 
phases) using the Fiji distribution of ImageJ15. Mineralisation morphology was 120 
subjectively graded as ‘well defined’ or ‘poorly defined’ and distribution assessed as 121 
‘focal’ or ‘diffuse’. Information on return to work was obtained by telephone call to the 122 
owner (retrospective and prospective cases). 123 
The frequency of mineralisation diagnosis in lame horses was estimated as follows. 124 
First, for the deep digital flexor tendons and suspensory ligament branches the number 125 
of animals with any ultrasonographic lesions (i.e. not limited to mineralisation) 126 
diagnosed by the senior author during the years 2000, 2006 and 2012 was determined 127 
from hospital records and expressed as an estimated annual mean. Then, for each 128 
structure, estimated frequency of mineralisation diagnosis (%) was calculated as 129 
100*(Sum of mineralisation cases April 1999 – April 2013)/ [14*(estimated annual mean 130 
number of cases with any ultrasonographic lesions)]. 131 
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Data collected from cases included: signalment when mineralisation was identified and 132 
limbs involved; location of mineralisation; treatment history including 133 
peritendinous/ligamentous medication; alteration of mineralisation (assessed 134 
subjectively); association of mineralisation with lameness, duration of lameness prior to 135 
identification of mineralisation; association with other signs of 136 
tendinopathy/desmopathy; presence of colour Doppler signal (not all cases); association 137 
with surgical findings; and outcome. Association with lameness was defined as 138 
‘associated’, ‘not associated’ or ‘unproven association’, based on intrathecal analgesia 139 
or history (deep digital flexor tendons), and regional analgesia or pain on palpation 140 
(suspensory ligament branches).   141 
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Results  142 
Identification of most commonly affected structures 143 
The distribution of tendon/ligament mineralisation in 27 cases is listed in Table 1. The 144 
majority of mineralisation was detected in the deep digital flexor tendons and the 145 
suspensory ligament branches (37% and 30% of cases respectively). In no horse was 146 
mineralisation documented in more than 1 type of tendon or ligament. 147 
For the retrospective phase, ultrasound images were available for all deep digital flexor 148 
tendon cases and all ligament branch injury cases but 1. 149 
Equipment used (retrospective and prospective phases) 150 
During the study, Vingmed System 5 and Vivid 7 (GE Medical Systems Limited, 151 
Chalfont St Giles, Bucks, UK) ultrasound systems with linear probes (7.5-14 MHz) were 152 
used. To examine colour Doppler signal with the Vivid 7 system a Doppler frequency of 153 
7.5 MHz with a pulse repetition frequency of 1.0 kHz were used; the settings used with 154 
the System 5 machine were not available. 155 
Estimated frequency of mineralisation diagnosis  156 
For deep digital flexor tendons and suspensory ligament branches, mineralisation was 157 
estimated to be present in 10% and 7% respectively of animals with ultrasonographic 158 
abnormalities of these structures. During the 3 years used to estimate these 159 
frequencies, the mean number (± standard deviation) of deep digital flexor tendon and 160 
suspensory ligament branch injury diagnoses were 5.7 (± 0.6) and 7 (± 2.6) 161 
respectively. 162 
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Details of cases including bilateral occurrence of mineralisation 163 
Ten cases of deep digital flexor tendon mineralisation were reported, 4 were female and 164 
the remainder were geldings. Breed type was reported as: Thoroughbred (1); Arab (1); 165 
Cleveland Bay (1); Thoroughbred cross or Warmblood (5); Cob (1) or Unknown (1). 166 
Mineralisation was found in mature horses with a median age of 13.5 years (range 3-18 167 
years). In 7 cases, 1 or both hind limbs were affected, the remaining cases involved the 168 
forelimbs. In 2 cases mineralisation was identified bilaterally (1 forelimb and 1 hindlimb 169 
pair). 170 
Of the 8 cases of suspensory ligament branch mineralisation, 2 were female and the 171 
remainder geldings. Breed type was reported as: Thoroughbred (2); Thoroughbred 172 
cross or Warmblood (4), Irish Sports horse (1) or Crossbreed (1). The median age was 173 
8 years (range 5-17 years). In 6 cases the forelimbs, and in the remainder the hind 174 
limbs, were involved. Mineralisation was documented unilaterally in 4 cases, bilaterally 175 
(2 or more branches on contralateral limbs) in 3 cases and either uni- or bilaterally in the 176 
other case (record unclear).  177 
Clinical features 178 
Location of mineralisation 179 
Deep digital flexor tendon mineralisation was recognised only within the digital flexor 180 
tendon sheath which was divided into 2 anatomic levels: proximal sheath (± 181 
sesamoidean canal) and distal. Mineralisation was restricted to the proximal sheath (± 182 
sesamoidean canal) in 6 cases (1 bilateral, 5 unilateral; Figure 2) and was within both 183 
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the proximal (± sesamoidean canal) and distal digital flexor tendon sheath in 4 cases (1 184 
bilateral, 3 unilateral). 185 
In general, mineralisation was situated within the centre and palmar/plantar aspects of 186 
the deep digital flexor tendon. In no case was mineralisation restricted to the dorsal 187 
tendon surface.  188 
In all but 1 case (unilateral) suspensory ligament branch mineralisation was visible in 189 
the same longitudinal ultrasound window as a portion of the respective proximal 190 
sesamoid bone.  191 
Mineralisation dimensions, morphology and distribution 192 
All deep digital flexor tendon mineralisations were poorly defined but focal within the 193 
affected anatomic levels. (Figures 1,2,4 and 6). Mineralisations in the proximal digital 194 
flexor tendon sheath (12 limbs/10 cases) measured 11.3 ± 5.9 mm long in longitudinal 195 
images and 4 ± 3.0 mm wide in the transverse images (mean ± standard deviation). 196 
Distal digital flexor tendon sheath mineralisations (5 limbs/4 cases) measured 13.8 ± 9.4 197 
mm long in the longitudinal images and 2 ± 0 mm wide in the transverse images. 198 
Suspensory ligament branch mineralisation was also poorly defined but diffusely 199 
distributed and difficult to accurately measure in the majority of cases (Figure 3). In 200 
longitudinal images, the length of the branch over which the mineralisation was 201 
distributed varied between a few millimetres to at least 30 mm. 202 
Association between mineralisation and corticosteroid medication 203 
Page 10 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
11 
For the deep digital flexor tendon cases, there was a history of intrathecal medication 204 
prior to documentation of mineralisation in only 1 case (unilateral). In this horse the 205 
digital flexor tendon sheath of the affected deep digital flexor tendon had been 206 
medicated 6 weeks prior to referral. 207 
For the suspensory ligament branch cases, in 1 case (unilateral) the fetlock joint had 208 
been medicated within 2 months of suspensory ligament branch mineralisation being 209 
identified on the contralateral limb. In a second case, bilateral forelimb fetlock joint 210 
medication had been performed 2 years prior to the identification of unilateral forelimb 211 
suspensory ligament branch mineralisation. There was no history of joint medication 212 
recorded for any other cases. 213 
Alteration of mineralisation 214 
Three cases of deep digital flexor tendon and 2 cases of suspensory ligament branch 215 
mineralisation had sequential examinations. For 2 cases of deep digital flexor tendon 216 
mineralisation (each unilateral) no progression was noted between examinations 1-3 217 
months apart and in the third case mineralisation was documented in the non-lame leg 218 
initially but detected in the lame leg 1 month later. Mineralisation was noted to become 219 
more focal for 1 suspensory ligament branch case (unilateral) after 7 weeks (Figure 3) 220 
and unchanged over 10 months in a second case (bilateral).  221 
Association of mineralisation with lameness 222 
Mineralisation of the deep digital flexor tendon was associated with lameness based on 223 
a positive response to intrathecal analgesia in 6/12 limbs (6 cases). Of this subgroup, 224 
mineralisation was within the proximal digital flexor tendon sheath (± sesamoidean 225 
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canal) in 2 and for the other 4 the mineralisation was present in both the proximal and 226 
distal digital sheath. In 5 of these limbs, additional deep digital flexor tendon lesions 227 
were identified either ultrasonographically (in 2 cases after a 5-11 week delay) and/or 228 
tenoscopically, and in 1 limb a superficial digital flexor tendon lesion (not 229 
mineralisation), considered more likely to be the cause of the lameness, was present. 230 
However, mineralisation was not associated with lameness in 3/12 limbs (3 cases). One 231 
case was sound (1 limb; mineralisation in the proximal digital flexor tendon sheath). In 232 
another case mineralisation was bilateral but lameness completely eliminated by 233 
unilateral intrathecal analgesia (mineralisation in the proximal digital flexor tendon 234 
sheath on both limbs). In a third case (1 limb; mineralisation in the proximal digital flexor 235 
tendon sheath) lameness was acute onset (manica flexoria tear) in the non-mineralised 236 
limb. For the remaining 3/12 limbs (2 cases) an association with lameness was 237 
unproven. In 1 case, unilateral lameness of the mineralised limb was markedly 238 
improved but not resolved following a palmar digital block. In the second case with 239 
bilateral mineralisation, lameness was substantially improved but not eliminated by 240 
unilateral analgesia. As the lameness was not completely eliminated in these 2 cases, 241 
an association between mineralisation and lameness cannot be excluded. 242 
Suspensory ligament branch mineralisation was associated with lameness by either 243 
regional analgesia or palpation in 6/11 limbs (6 cases). But, similar to the deep digital 244 
flexor tendons mineralisation, not all mineralisation in the suspensory ligament branch 245 
was associated with lameness (2/11 limbs). One case was sound when examined 246 
(unilateral) and in 1 case with bilateral mineralisation, blocking the contralateral limb 247 
eliminated the lameness and no switch occurred. For the remaining 3/11 limbs (3 cases) 248 
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the association of mineralisation with lameness was unproven due to incomplete 249 
information or failure to eliminate lameness on the contralateral limb.  250 
Duration of lameness prior to identification of mineralisation 251 
Of the 6 cases with lameness localised to the mineralised deep digital flexor tendon, the 252 
duration of lameness before documentation of mineralisation (by the referring clinician 253 
or at the Royal Veterinary College) was available for 4 cases (all unilateral) and ranged 254 
from 2 days to 6 months.  255 
For the 6 cases with lameness localised to the mineralised suspensory ligament branch, 256 
information on duration of lameness before documentation of mineralisation ranged 257 
from 7 weeks to 5 months for 3 cases (1 uni- and 2 bilateral).  258 
Association with other signs of tendinopathy/desmopathy 259 
Deep digital flexor tendon mineralisation was associated with other ultrasonographic 260 
evidence of tendinopathy, as defined by the presence of hypoechoic lesions and/or 261 
adjacent poor fibre pattern in 6 limbs (5 cases). For 3/6 limbs (3 cases) there was other 262 
evidence of tendinopathy at the same time as the mineralisation was identified and 263 
these lesions were associated with lameness in 2 limbs (positive intrathecal analgesia) 264 
and not associated in the third limb. In 2/6 limbs (2 cases; retrospective phase) 265 
mineralisation was the only abnormality detectable ultrasonographically at the first 266 
examination but between 5 and 11 weeks later these cases developed hypoechoic 267 
lesions within their deep digital flexor tendons (Figure 4). In both of these cases 268 
lameness was localised to the digital flexor tendon sheath by intrathecal analgesia at 269 
the first examination. In 1/6 limbs (retrospective phase), mineralisation was identified 4 270 
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weeks after evidence of tendinopathy and there was a positive response to intrathecal 271 
analgesia at that time. There was no other ultrasonographic evidence of tendinopathy in 272 
the remaining 6 limbs (5 cases). These cases were either sound (1 unilateral), lame in 273 
the contralateral limb (3 limbs), or had other lesions (2 limbs; intrathecal superficial 274 
digital flexor tendon lesion and foot pain respectively) within the lame limb, which were 275 
considered more likely to explain the lameness. 276 
Eight limbs (6 cases) with suspensory branch ligament mineralisation showed other 277 
evidence of desmitis, including entheseopathy, heterogenous fibre pattern/hypoechoic 278 
foci (at least 5 limbs), and enlargement. These lesions were associated with lameness 279 
in 5 limbs (5 cases), not associated in 1 limb and had an unproven association in 2 280 
limbs (2 cases). Two limbs (2 cases) showed no other evidence of desmitis. Of these 281 
cases, 1 was sound and the second underwent surgery to treat impingement on the 282 
suspensory ligament by the second metacarpal bone. In the remaining limb, 283 
mineralisation was documented following surgery to remove a proximal sesamoid bone 284 
fracture and details of the pre-operative examination were not available.  285 
Mineralisation and Doppler signal 286 
Results for 6 deep digital flexor tendon cases (6 limbs) evaluated for colour Doppler 287 
signal are shown in Figure 5. In both limbs where Doppler signal was present in the 288 
tendon, the mineralisation was associated with lameness (positive intrathecal 289 
analgesia). There were 2 limbs positive to intrathecal analgesia but without deep digital 290 
flexor tendon Doppler signal, and 1 of these had an intrathecal superficial digital flexor 291 
tendon lesion (with Doppler signal) thought to be the cause of the lameness. 292 
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15 
An example of Doppler signal related to deep digital flexor tendon mineralisation and 293 
adjacent hypoechoic areas (2 limbs/cases) is shown in Figure 6. Hypoechoic areas 294 
were distinguished from blood vessels by appearance, location and absence of Doppler 295 
signal. In both limbs, the hypoechoic areas were identified at a second ultrasound 296 
examination, but in neither case was Doppler signal tested for when the horse was first 297 
scanned.  298 
Three of the suspensory branch ligament cases (3 limbs) were examined for colour 299 
Doppler signal. Like the deep digital flexor tendon cases, the single limb with signal 300 
adjacent to the mineralisation had lameness localised to the affected branch. The other 301 
2 limbs demonstrated no Doppler signal related to the mineralisation: 1 case diagnosed 302 
with second metacarpal bone impingement on suspensory ligament (Doppler signal 303 
related to the impingement only); and the second case was sound when examined.  304 
Association with tenoscopic abnormalities 305 
Tenoscopy was performed on 6 limbs (5 cases) affected by deep digital flexor tendon 306 
mineralisation. In 5 of these limbs there was no defect on the surface of the tendon. In 1 307 
limb the epitenon overlying an intratendinous deep digital flexor tendon defect was 308 
disrupted and in another a longitudinal deep digital flexor tendon tear was found. 309 
Outcome 310 
Follow-up was available for 8 cases of deep digital flexor tendon mineralisation: 3 cases 311 
where deep digital flexor tendinopathy was the sole diagnosis and 5 cases where there 312 
was an additional injury.  313 
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16 
Of the cases where deep digital flexor tendinopathy was the sole diagnosis, 1 case was 314 
competing at medium level dressage 5 years after treatment by palmar annular ligament 315 
resection and controlled exercise (unilateral mineralisation within the proximal and distal 316 
digital flexor tendon sheath). The second case (bilateral mineralisation in the proximal 317 
digital flexor tendon sheath) remained lame 14 months after diagnosis and the third was 318 
euthanased due to persistent lameness (unilateral mineralisation in the proximal digital 319 
flexor tendon sheath). Of the 5 cases with additional injuries, 1 case was returned to 320 
eventing after surgical treatment of a manica flexoria tear in the non-mineralisation 321 
affected limb (unilateral mineralisation within the proximal digital flexor tendon sheath). 322 
Four cases were either lame at final examination (>/= 8 months after initial) or remained 323 
lame according to the owner.  324 
Follow-up was available on 3 cases in which suspensory branch ligament mineralisation 325 
was detected. One case remained sound 3 months after examination (unilateral), and 1 326 
raced 5 times following treatment (unilateral). One case remained lame 10 months after 327 
diagnosis (bilateral). Suspensory branch ligament desmitis was the sole diagnosis in 328 
these cases.  329 
  330 
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Discussion  331 
The deep digital flexor tendon and suspensory ligament branches were the structures 332 
most commonly affected by mineralisation and an estimated 10% and 7% of cases of 333 
deep digital flexor tendon and suspensory ligament injury respectively demonstrate this 334 
feature. Deep digital flexor tendon mineralisation was restricted to the digital flexor 335 
tendon sheath which is the typical location for deep digital flexor tendinopathies outwith 336 
the foot.5,16 However, mineralisation may present in this tendon without other evidence 337 
of active tendinopathy or evidence of lameness in that limb, which is consistent with the 338 
observation in human patients that not all rotator cuff tendon mineralisation is 339 
associated with pain.7 Nevertheless mineralisation can precede the development of 340 
hypoechoic foci in lame animals.  341 
Mineralisation can also occur bilaterally and was found in 20% of deep digital flexor 342 
tendon and 43% of suspensory ligament branch cases. Although Webbon11 343 
documented a higher rate of bilateral injury occurrence - 67% of superficial digital flexor 344 
tendons examined grossly - mineralisation is only 1 of many gross features of 345 
tendinopathy.17 The bilateral occurrence of tendinopathy, including mineralisation, could 346 
be explained by the common loading history of affected tendons or a compensatory 347 
increase in loading in the contralateral structure following unilateral injury. There is also 348 
evidence that central nervous system signalling may be involved in the bilaterality of 349 
tendon disease.18 Rotator cuff tendon mineralisation has been reported bilaterally in 350 
only 10% of human patients, which might relate to species differences in the prevalence 351 
of bilateral pathology, or differences between studies in sensitivity to detect bilateral 352 
changes. 353 
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18 
In vivo experimental evidence supports the suggestions that previous intrathecal or 354 
intratendinous corticosteroid injection may promote tendon mineralisation.19 However in 355 
the current series, previous medication on the affected limb was reported in only 1 case 356 
of deep digital flexor tendon and 1 case of suspensory ligament branch mineralisation 357 
and none had been treated intra-tendinously/ligamentously. Not all medication may 358 
have been reported. Nevertheless, our records suggest that corticosteroid medication 359 
was unlikely to have been a predisposing factor in most cases.  360 
It is interesting that mineralisation was found much less frequently in the superficial 361 
digital flexor tendon compared with the deep digital flexor tendon, despite the former 362 
being the most commonly injured flexor tendon.20 Differences in tendon matrix 363 
composition21 may be a contributory factor. Tendons and ligaments are known to 364 
develop a cartilage phenotype in response to compressive load22-24 and this phenotype 365 
is observed at the level of the fetlock joint where the deep digital flexor tendon changes 366 
direction and is compressed against the proximal scutum, offering the possibility that 367 
mineralisation forms here by endochondral ossification and could be an extreme 368 
response to compressive loading. An alternative explanation is that poorer 369 
vascularisation, known to be present where tendons wrap around bony prominences,25 370 
contributes to mineralisation within this tendon. Why the suspensory ligament branches 371 
are a predilection site for mineralisation is less obvious but similar mechanisms may 372 
apply.  373 
The molecular events within the tendon/ligament matrix leading to mineralisation are not 374 
well understood. In human patients, tendon and ligament mineralisation may involve 375 
ossification (endochondral or intramembranous) or deposition of calcium salts by other 376 
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mechanisms.26 Within the rotator cuff, the most common site of tendon mineralisation in 377 
human patients,27 the process has been described as ‘incomplete endochondral 378 
ossification’.28 Rodents predictably respond to tendon injury by true endochondral 379 
ossification.26,29 The nature of mineralisation within the equine tendons and ligaments 380 
has not been clearly established and may differ between deep digital flexor tendons and 381 
suspensory ligament branches. A recent report described mineralised foci excised from 382 
the palmar/plantar annular ligaments of ponies as either osseous metaplasia or 383 
dystrophic mineralisation.4 A mineralised focus with a deep digital flexor tendons 384 
dissected by the senior author had a granular appearance less consistent with bone. 385 
These observations suggest that, like humans, mineralisation within equine tendons 386 
may vary in composition, perhaps dependent upon location. 387 
Histopathological examination is required for definitive diagnosis of tendon/ligament 388 
mineralisation but is impractical in most clinical cases. Therefore, the lesions reported in 389 
this study are presumed mineralisation. In 1 study, the authors included hyperechoic 390 
foci which did not cast acoustic shadows in their criteria for ultrasonographic diagnosis 391 
of human rotator cuff tendon mineralisation which resulted in some false positives, when 392 
compared with radiography.10 To minimise this risk we included only cases with acoustic 393 
shadowing which may have reduced our sensitivity. It is also possible that some under-394 
reporting occurred in the retrieval of data during the retrospective phase of the study. 395 
However, it is unlikely that these limitations will have altered the pattern of clinical 396 
features which we observed. 397 
 398 
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Fibre damage was present at the time of (3 cases/4 limbs) or after (2 cases/limbs in 399 
retrospective phase) identification of mineralisation in the deep digital flexor tendon 400 
cases. For at least 1 of the latter cases, our records indicate that the original images 401 
were reviewed at the time the hypoechoic lesion was first identified and confirmed that, 402 
ultrasonographically, mineralisation may precede fibre disruption. Signs of fibre 403 
disruption were present in at least 5 limbs with suspensory ligament branch 404 
mineralisation. Three hypotheses may explain the association between mineralisation 405 
and lameness and tendon/ligament fibre disruption. In healing rabbit ligaments, an 406 
association between the presence of flaws and a reduction in their material properties 407 
has been documented.30 In the same way, mineralised foci may promote fibre failure 408 
and in turn pain. Secondly, mineralisation may promote an inflammatory response in the 409 
adjacent tendon causing pain and fibre weakening. A vigorous inflammatory response 410 
adjacent to mineralisation has been identified in human supraspinatus tendons.31 411 
Thirdly, it is feasible that mineralisation does not directly contribute directly to tendon 412 
pain/fibre rupture but is an incidental change (a ‘bystander’). However, the improvement 413 
in patient comfort following surgical decompression of mineralised deposits in rotator 414 
cuff tendons suggests that mineralisation can be an active contributor to tendon pain.  415 
The ability to discriminate significant mineralisation from incidental findings would be of 416 
great clinical value. In cases with existing lameness it may be possible to treat before 417 
the development of hypoechoic lesions. Further, in non-lame animals it may be possible 418 
to identify those likely develop lameness in the future, which would be useful in the 419 
context of a pre-purchase examination. One study reported the presence of Doppler 420 
signal within the mineralised area in 21/57 symptomatic human patients but in none of 421 
Page 20 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
21 
the asymptomatic cases (P<0.005).7 These authors also identified that larger and 422 
fragmented mineralisations were significantly associated with pain.  423 
Doppler signal was associated with mineralisation in 2/3 limbs where the lameness was 424 
thought to arise from the mineralised deep digital flexor tendon and in a single case 425 
where the lameness associated with suspensory branch ligament desmitis. Doppler 426 
signal was absent where either the horse was sound or there were other causes of 427 
lameness identified (2 suspensory ligament branch and 3 deep digital flexor tendon 428 
cases). Unfortunately, there was insufficient information available to conclude if Doppler 429 
signal could be used to predict the occurrence of lameness or development of 430 
hypoechoic lesions.  431 
One of the 3 horses with deep digital flexor tendinopathy as the sole diagnosis returned 432 
to work. This finding was not unexpected as a guarded prognosis been reported for this 433 
condition previously (excluding cases with mineralisation), with 7/24 cases returning to 434 
intended use.32 A guarded prognosis has also been reported for suspensory ligament 435 
branch desmitis, with 10/23 cases returning to intended use.3 436 
Surprisingly, this case of deep digital flexor tendon mineralisation with a positive 437 
outcome had the most proximodistally extensive distribution pattern (within the proximal 438 
and distal digital flexor tendon sheath). However, mineralisation may vary significantly in 439 
its dorsopalmar/plantar thickness, which is difficult to assess ultrasonographically due to 440 
the anatomic constraints of this area. In a future prospective study, serial radiography 441 
could help assess mineralisation size, distribution and progression; although it may be a 442 
challenge to monitor mineralisations within the sesamoidean canal. Computed 443 
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tomography may be the ideal technique in this respect, but is presently impractical in 444 
clinical studies.13 Magnetic resonance imaging may also help determine which 445 
mineralisations are contributing to lameness.33  446 
Typically human patients with rotator cuff tendon mineralisation show clinical and 447 
radiographic/ultrasonographic resolution of signs with conservative treatment such as 448 
nonsteroidal anti-inflammatories, corticosteroid medication and physical therapy.34 The 449 
marked improvement in the appearance of the mineralisation in 1 suspensory ligament 450 
branch case is therefore unsurprising although there was insufficient follow up to say if 451 
this occurred frequently in horses. Related to this, mineralisation became detectable 452 
between examinations 1 month apart in 1 deep digital flexor tendon case. This 453 
observation suggests that it may be erroneous to assume that ultrasonographic 454 
evidence of mineralisation reflects a tendon/ligament injury of many months duration. 455 
Indeed, osteophytes, which like some presentations of tendon mineralisation form by 456 
ossification,35 can become radiographically apparent in a little as 2 weeks.36 Within the 457 
human population, when rotator cuff mineralisation fails to resolve with minimal 458 
treatment, extracorporeal shock wave therapy, needle decompression and arthroscopic 459 
removal may be successful.10 Needling is probably only warranted when the deposits 460 
are focal and liquid or granular rather than ossified. With greater understanding of the 461 
mechanisms of equine tendon/ligament mineralisation, these treatments may be 462 
considered appropriate. 463 
In agreement with a previous suggestion, most cases in this series were middle aged 464 
and larger breed types.5 In human patients, rotator cuff tendon mineralisation and 465 
Achilles tendon mineralisation are reported to occur more frequently in females and 466 
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males respectively.26 A slightly higher proportion of cases with either deep digital flexor 467 
tendon and suspensory ligament branch mineralisation were geldings rather than mares 468 
in this series. This distribution, and the frequency of mineralisation which we report, may 469 
relate to differences in the activities of mares and geldings attending our hospital and 470 
should be generalised to the wider population with caution. 471 
In humans, there is some limited evidence associating endocrine disorders with rotator 472 
cuff tendon mineralisation.37 Pituitary pars intermedia dysfunction and metabolic 473 
syndrome are the most obvious candidates for a possible similar link in equine 474 
tendon/ligament mineralisation, being the most common endocrinopathies affecting 475 
horses.38 However, investigating such a link is beyond the scope of our data. 476 
Other systemic disorders associated with tendon or ligament mineralisation in human 477 
patients include ankylosing spondylitis and the rare conditions, fibrodysplasia ossificans 478 
progressiva and progressive osseous heteroplasia which involve generalised soft tissue 479 
mineralisation.26 These disorders do not appear relevant to our patients. An association 480 
between dietary imbalance and tendon/ligament mineralisation has not been reported in 481 
any species.  482 
No cases of deep digital flexor tendon mineralisation within the hoof capsule were 483 
reported in this study, despite injury to this structure being a common cause of foot pain. 484 
16. Deep digital flexor tendon mineralisation within the foot is detectable 485 
ultrasonographically.39 However, transcuneal ultrasonography was performed less 486 
frequently by the senior author during the study compared with pastern and 487 
metacarpal/metatarsal scans. Further, this approach is likely much less sensitive than 488 
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radiography or magnetic resonance imaging to detect deep digital flexor tendon 489 
mineralisation, given the limited size of the transcuneal window.   490 
In conclusion, this report confirms that mineralisation can be associated with lameness, 491 
but may also be an incidental finding. Doppler imaging may offer additional support for 492 
the significance of mineralisation, but more but more data are required to confirm a 493 
pattern. A further pathological study is also recommended to understand the nature of 494 
mineralisation and better and determine if specific measures (e.g. shockwave and 495 
needling) are rational as treatment strategies. 496 
 497 
  498 
Page 24 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
25 
List of Author Contributions 499 
Category 1 500 
a) Conception and Design 501 
Etienne J O O’Brien and Roger K W Smith 502 
b) Acquisition of Data 503 
Etienne J O O’Brien and Roger K W Smith 504 
c) Analysis and Interpretation of Data 505 
Etienne J O O’Brien and Roger K W Smith 506 
Category 2 507 
a) Drafting the Article 508 
Etienne J O O’Brien 509 
b) Revising the Article for Intellectual Content 510 
Roger K W Smith 511 
Category 3 512 
a) Final Approval of the Completed Article 513 
Etienne J O O’Brien and Roger K W Smith 514 
 515 
Acknowledgements 516 
The authors are grateful to clinicians who referred the animals included in this study to 517 
the Royal Veterinary College for examination. 518 
 519 
Page 25 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
26 
Competing Interests 520 
None declared. 521 
 522 
Ethical considerations 523 
Oversight was provided by the Royal Veterinary College Clinical Research Ethical 524 
Review Board (Project number URN 2015 1364) 525 
 526 
527 
Page 26 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
27 
References 528 
1. Reef VB. Equine diagnostic ultrasound. Philadelphia: W.B. Saunders; 1998. 529 
2. Boys Smith SJ, Singer ER. Mineralisation of the biceps brachii tendon in a 6-530 
year-old Cob mare. Equine Veterinary Education. 2007;19(2):74-79. 531 
3. Marneris D, Dyson SJ. Clinical features, diagnostic imaging findings and 532 
concurrent injuries in 71 sports horses with suspensory branch injuries. Equine 533 
Veterinary Education. 2014;26(6):312-321. 534 
4. Garvican ER, Wylie CE, Payne RJ, Smith RK, Head MJ. Mineralization of the 535 
Equine Palmar/Plantar Annular Ligament Treated by Surgical Resection. Vet 536 
Surg. 2016;45(5):602-608. 537 
5. Dyson SJ. The Deep Digital Flexor Tendon. In: Ross MW, Dyson SJ, eds. 538 
Diagnosis and management of lameness in the horse. 2nd ed. St. Louis, Mo.: 539 
Elsevier/Saunders; 2011:726-734. 540 
6. Ross MW, Genovese RL, Dyson SJ, Jorgensen JS. The Superficial Digital Flexor 541 
Tendon. In: Ross MW, Dyson SJ, eds. Diagnosis and management of lameness 542 
in the horse. 2nd ed. St. Louis, Mo.: Elsevier/Saunders; 2011:706-726. 543 
7. Le Goff B, Berthelot JM, Guillot P, Glemarec J, Maugars Y. Assessment of 544 
calcific tendonitis of rotator cuff by ultrasonography: comparison between 545 
symptomatic and asymptomatic shoulders. Joint Bone Spine. 2010;77(3):258-546 
263. 547 
8. Rizzello G, Franceschi F, Longo UG, et al. Arthroscopic management of calcific 548 
tendinopathy of the shoulder--do we need to remove all the deposit? Bull NYU 549 
Hosp Jt Dis. 2009;67(4):330-333. 550 
Page 27 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
28 
9. De Zordo T, Ahmad N, Odegaard F, et al. US-guided therapy of calcific 551 
tendinopathy: clinical and radiological outcome assessment in shoulder and non-552 
shoulder tendons. Ultraschall in der Medizin. 2011;32 Suppl 1:S117-123. 553 
10. Farin PU, Jaroma H. Sonographic findings of rotator cuff calcifications. Journal of 554 
ultrasound in medicine : official journal of the American Institute of Ultrasound in 555 
Medicine. 1995;14(1):7-14. 556 
11. Webbon PM. A post mortem study of equine digital flexor tendons. Equine Vet J. 557 
1977;9(2):61-67. 558 
12. Oliva F, Via AG, Maffulli N. Calcific tendinopathy of the rotator cuff tendons. 559 
Sports Med Arthrosc. 2011;19(3):237-243. 560 
13. O'Brien EJ, Shrive NG, Rosvold JM, Thornton GM, Frank CB, Hart DA. Tendon 561 
Mineralization Is Accelerated Bilaterally and Creep of Contralateral Tendons Is 562 
Increased after Unilateral Needle Injury of Murine Achilles Tendons. J Orthop 563 
Res. 2013. 564 
14. De Bastiani G, de La Côrte FD, Brass KE, Kommers GD, Denoix JM. Association 565 
of Ultrasound and Anatomopathologic Findings of Equine Metacarpophalangeal 566 
Lesions. Journal of Equine Veterinary Science. 2014;34(10):1218-1225. 567 
15. Schindelin J, Arganda-Carreras I, Frise E, et al. Fiji: an open-source platform for 568 
biological-image analysis. Nature methods. 2012;9(7):676-682. 569 
16. Schramme MC. Deep digital flexor tendonopathy in the foot. Equine Veterinary 570 
Education. 2011;23(8):403-415. 571 
17. Thorpe CT, Clegg PD, Birch HL. A review of tendon injury: why is the equine 572 
superficial digital flexor tendon most at risk? Equine Vet J. 2010;42(2):174-180. 573 
Page 28 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
29 
18. O'Brien EJ, Smith RK. Science in brief: The likely role of the central nervous 574 
system in bilateral tendinopathy and tendon healing. Equine Vet J. 575 
2013;45(4):401-402. 576 
19. Zhang J, Keenan C, Wang JH. The effects of dexamethasone on human patellar 577 
tendon stem cells: implications for dexamethasone treatment of tendon injury. J 578 
Orthop Res. 2013;31(1):105-110. 579 
20. Williams RB, Harkins LS, Hammond CJ, Wood JL. Racehorse injuries, clinical 580 
problems and fatalities recorded on British racecourses from flat racing and 581 
National Hunt racing during 1996, 1997 and 1998. Equine Vet J. 2001;33(5):478-582 
486. 583 
21. Sodersten F, Ekman S, Eloranta ML, Heinegard D, Dudhia J, Hultenby K. 584 
Ultrastructural immunolocalization of cartilage oligomeric matrix protein (COMP) 585 
in relation to collagen fibrils in the equine tendon. Matrix Biol. 2005;24(5):376-586 
385. 587 
22. Vogel KG, Koob TJ. Structural specialization in tendons under compression. 588 
International review of cytology. 1989;115:267-293. 589 
23. Benjamin M, Qin S, Ralphs JR. Fibrocartilage associated with human tendons 590 
and their pulleys. J Anat. 1995;187 ( Pt 3):625-633. 591 
24. Clegg PD, Strassburg S, Smith RK. Cell phenotypic variation in normal and 592 
damaged tendons. Int J Exp Pathol. 2007;88(4):227-235. 593 
25. Benjamin M, Kaiser E, Milz S. Structure-function relationships in tendons: a 594 
review. J Anat. 2008;212(3):211-228. 595 
Page 29 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
30 
26. O'Brien EJ, Frank CB, Shrive NG, Hallgrimsson B, Hart DA. Heterotopic 596 
mineralization (ossification or calcification) in tendinopathy or following surgical 597 
tendon trauma. Int J Exp Pathol. 2012;93(5):319-331. 598 
27. Holt PD, Keats TE. Calcific tendinitis: a review of the usual and unusual. Skeletal 599 
Radiol. 1993;22(1):1-9. 600 
28. Uhthoff HK. Calcifying tendinitis, an active cell-mediated calcification. Virchows 601 
Arch A Pathol Anat Histol. 1975;366(1):51-58. 602 
29. Agarwal S, Loder S, Brownley C, et al. Inhibition of Hif1alpha prevents both 603 
trauma-induced and genetic heterotopic ossification. Proc Natl Acad Sci U S A. 604 
2016;113(3):E338-347. 605 
30. Shrive N, Chimich D, Marchuk L, Wilson J, Brant R, Frank C. Soft-tissue "flaws" 606 
are associated with the material properties of the healing rabbit medial collateral 607 
ligament. J Orthop Res. 1995;13(6):923-929. 608 
31. Hackett L, Millar NL, Lam P, Murrell GA. Are the Symptoms of Calcific Tendinitis 609 
Due to Neoinnervation and/or Neovascularization? J Bone Joint Surg Am. 610 
2016;98(3):186-192. 611 
32. Barr AR, Dyson SJ, Barr FJ, O'Brien JK. Tendonitis of the deep digital flexor 612 
tendon in the distal metacarpal/metatarsal region associated with tenosynovitis of 613 
the digital sheath in the horse. Equine Vet J. 1995;27(5):348-355. 614 
33. Barrett MF, Frisbie DD, King MR, Werpy NM, Kawcak CE. A review of how 615 
magnetic resonance imaging can aid in case management of common 616 
pathological conditions of the equine foot. Equine Veterinary Education. 617 
2016:n/a-n/a. 618 
Page 30 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
31 
34. Louwerens JK, Veltman ES, van Noort A, van den Bekerom MP. The 619 
Effectiveness of High-Energy Extracorporeal Shockwave Therapy Versus 620 
Ultrasound-Guided Needling Versus Arthroscopic Surgery in the Management of 621 
Chronic Calcific Rotator Cuff Tendinopathy: A Systematic Review. Arthroscopy. 622 
2016;32(1):165-175. 623 
35. van der Kraan PM, van den Berg WB. Osteophytes: relevance and biology. 624 
Osteoarthritis Cartilage. 2007;15(3):237-244. 625 
36. Butler JA. Clinical radiology of the horse. 3rd ed. Oxford ; Ames, Iowa: Wiley-626 
Blackwell Pub.; 2008. 627 
37. Oliva F, Piccirilli E, Berardi AC, Frizziero A, Tarantino U, Maffulli N. Hormones 628 
and tendinopathies: the current evidence. British medical bulletin. 629 
2016;117(1):39-58. 630 
38. Durham AE. Endocrine Disease in Aged Horses. Veterinary Clinics of North 631 
America: Equine Practice. 2016;32(2):301-315. 632 
39. Grewal JS, McClure SR, Booth LC, Evans RB, Caston SS. Assessment of the 633 
ultrasonographic characteristics of the podotrochlear apparatus in clinically 634 
normal horses and horses with navicular syndrome. J Am Vet Med Assoc. 635 
2004;225(12):1881-1888. 636 
 637 
638 
Page 31 of 46
Veterinary Radiology & Ultrasound
Veterinary Radiology & Ultrasound
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
32 
Table 1. Distribution of Mineralisation within Equine Tendons and Ligaments. 639 
Structure Number of cases  
Deep digital flexor tendon 10 (2) 
Suspensory ligament branch 8 (1) 
Superficial digital flexor tendon 2 
Intersesamoidean ligament 2 (1) 
Oblique distal sesamoidean ligament 2 (1) 
Lateral collateral ligament of stifle 1 
Manica flexoria 1 
Palmar carpal ligaments 1 
Total number of cases 27 
(Number of cases examined prospectively) 640 
 641 
  642 
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List of Figure Legends 643 
 644 
Figure 1. Examples of the use of on- (left) and off- (right) incidence transverse views to 645 
aid identification of mineralisation (arrowheads). This mineralisation is poorly defined 646 
but focal.  647 
 648 
    649 
Figure 2. Transverse and longitudinal ultrasound images from deep digital flexor tendon 650 
case 3 (A, B) and deep digital flexor tendon case 4 (C,D) showing mineralisation 651 
(arrowheads) in the proximal and distal digital flexor tendon sheath. In both locations the 652 
mineralisation is poorly defined but focal. 653 
 654 
Figure 3. Example of mineralisation of the suspensory ligament branch when first 655 
identified (A) and 7 weeks later (B) by which time it has become more focal but remains 656 
poorly defined (arrowheads). 657 
 658 
Figure 4 Transverse ultrasound images from deep digital flexor tendon case 5 showing 659 
poorly defined focal mineralisation at first examination (A; arrowhead). There was no 660 
other ultrasonographic evidence of tendinopathy at this time. One month later a 661 
hypoechoic lesion (arrow) had developed adjacent to this mineralisation (B). 662 
 663 
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34 
Figure 5. Overview of 6 limbs with deep digital flexor tendon (DDFT) mineralisation (M) 664 
evaluated for colour Doppler signal. +  = positive Doppler signal in the affected tendon; - 665 
= absence of Doppler signal in the affected tendon; (number of limbs). Association of 666 
mineralisation with lameness was based on positive digital flexor tendon sheath 667 
analgesia. *SDFT = intrathecal superficial digital flexor tendon lesion (not mineralisation) 668 
which demonstrated Doppler signal. 669 
 670 
 Figr671 
Figure 6. Transverse (A) and longitudinal (B) ultrasound images from deep digital flexor 672 
tendon case 7 showing Doppler signal associated with poorly defined focal 673 
mineralisation (arrowheads). This mineralisation was associated with lameness based 674 
on a positive response to intrathecal analgesia.  675 
 676 
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Figure 1. Examples of the use of on- (left) and off- (right) incidence transverse views to aid identification of 
mineralisation (arrowheads). This mineralisation is poorly defined but focal.  
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Figure 2. Transverse and longitudinal ultrasound images from deep digital flexor tendon case 3 (A, B) and 
deep digital flexor tendon case 4 (C,D) showing mineralisation (arrowheads) in the proximal and distal 
digital flexor tendon sheath. In both locations the mineralisation is poorly defined but focal.  
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Figure 3. Example of mineralisation of the suspensory ligament branch when first identified (A) and 7 weeks 
later (B) by which time it has become more focal but remains poorly defined (arrowheads).  
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Figure 4 Transverse ultrasound images from deep digital flexor tendon case 5 showing poorly defined focal 
mineralisation at first examination (A; arrowhead). There was no other ultrasonographic evidence of 
tendinopathy at this time. One month later a hypoechoic lesion (arrow) had developed adjacent to this 
mineralisation (B).  
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Overview of 6 limbs with deep digital flexor tendon (DDFT) mineralisation (M) evaluated for colour Doppler 
signal. +  = positive Doppler signal in the affected tendon; - = absence of Doppler signal in the affected 
tendon; (number of limbs). Association of mineralisation with lameness was based on positive digital flexor 
tendon sheath analgesia. *SDFT = intrathecal superficial digital flexor tendon lesion which demonstrated 
Doppler signal.  
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Figure 6. Transverse (A) and longitudinal (B) ultrasound images from deep digital flexor tendon case 7 
showing Doppler signal associated with poorly defined focal mineralisation (arrowheads). This mineralisation 
was associated with lameness based on a positive response to intrathecal analgesia.  
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